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FREQUENCY CONVERSION APPARATUS 
BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a frequency conversion apparatus used in a tuner 
portion of a cable television receiver or the like. 

Description of the Prior Art 

[0002] Fig. 8 is a block diagram of a conventional configuration of a double-conversion 
tuner apparatus. The double-conversion tuner apparatus extracts a desired frequency 
component from the high frequency signal (hereinafter refereed to as an RF (radio frequency) 
signal) fed thereto, and generates an intermediate-frequency signal (hereinafter referred to as 
an IF (intermediate frequency) signal) that is easily handled by the detector circuit provided in 
the succeeding stage. 

[0003] As shown in Fig. 8, the conventional double-conversion tuner apparatus includes a 
first band-pass filter 10a, an attenuator 11, a high-frequency amplifier 12, a first local 
oscillator 13, a first mixer 14, a second band-pass filter 15, a second local oscillator 16, a 
second mixer 17, a third band-pass filter 18, and an intermediate-frequency amplifier 19. 

[0004] Now, the frequency conversion operation of the double-conversion tuner apparatus 
configured as described above will be described with reference to Fig. 9. In the double- 
conversion tuner apparatus configured as described above, a reception signal that has passed 
through the first band-pass filter 10a is mixed with a first local oscillation signal (having a 
frequency flo) in the first mixer 14. Thus, the signal of the reception channel (having a 
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frequency fl) is converted into a first IF signal (having a frequency flo - fl). 

[0005] On the other hand, if the signal of a channel (having a frequency £2) other than the 
reception channel passes through the first band-pass filter 10a, the signal of this other channel 
is converted into an unwanted signal (having a frequency flo - £2) by the first mixer 14. 
Here, if the frequency f2 of this other channel is higher than the frequency fl of the reception 
channel, and the frequency flo - £2 of the unwanted signal is within the pass band of the first 
band-pass filter 10a, the unwanted signal leaks through the first band-pass filter 10a to the 
terminal IN. This phenomenon is called back talk, and adversely affects the frequency 
conversion and other characteristics of the double-conversion tuner apparatus. 

[0006] For this reason, in conventional double-conversion tuner apparatuses, as a 
technique of reducing unwanted signals, such as back talk, that leak from inside the apparatus 
to the terminal IN, configurations as shown in Figs. 10A to 10C are adopted. In the 
configuration shown in Fig 10 A, between the high-frequency amplifier 12 and the first mixer 
14, there is added an isolation amplifier A of which the input and output are isolated from 
each other. In the configuration shown in Fig. 10B, the first band-pass filter 10a is replaced 
with a split-band-type band-pass filter 10b. In the configuration shown in Fig. 10C, the first 
band-pass filter 10a is replaced with a variable band pass filter 10c of which the cut-off 
frequency can be controlled. 

[0007] It is true that, by configuring double-conversion tuner apparatuses in these ways, it 
is possible to reduce the leakage of unwanted signals, such as back talk, and thereby enhance 
the frequency conversion and other characteristics of the double-conversion tuner apparatuses. 

[0008] However, in the double-conversion tuner apparatus shown in Fig. 10A, the 
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addition of the isolation amplifier A disadvantageously increases costs and degrades 
distortion characteristics. In the double-conversion tuner apparatus shown in Fig. 10B, 
building the split-band-type band-pass filter requires a plurality of band-pass filters. This 
disadvantageously increases the number of components, and thus increases costs and trouble 
in assembly. In the double-conversion tuner apparatus shown in Fig. IOC, reduction of back 
talk can be realized at lower cost than in the above two configurations, but suffers from 
variation of the characteristics of the band-pass filter 10c with the reception frequency. This 
disadvantageously causes variation of input return loss characteristics (see Figs. 11A and 
11B). 

SUMMARY OF THE INVENTION 
[0009] An object of the present invention is to provide a frequency conversion apparatus 
that can reduce back talk and the like at low cost without inviting variation of input return loss 
characteristics. 

[0010] To achieve the above object, according to the present invention, A frequency 
conversion apparatus has a high-frequency amplifier for amplifying an input high-frequency 
signal, a mixer for mixing the output signal of the high-frequency amplifier with a local 
oscillation signal, a filter for restricting the band of the output signal of the mixer to permit 
passage of only components within a predetermined band, and a variable filter provided 
between the high-frequency amplifier and the mixer and having a controllable cut-off 
frequency. Here, the cut-off frequency of the variable filter is so controlled as to vary with 
the reception channel signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 

Fig. 1 is a block diagram of the double-conversion tuner apparatus of a first 
embodiment of the invention; 

Fig. 2 is a diagram schematically illustrating the frequency conversion operation of the 
double-conversion tuner apparatus of the first embodiment; 

Fig. 3 is a block diagram of the double-conversion tuner apparatus of a second 
embodiment of the invention; 

Fig. 4 is a block diagram of the double-conversion tuner apparatus of a third 
embodiment of the invention; 

Fig. 5 is a block diagram of the double-conversion tuner apparatus of a fourth 
embodiment of the invention; 

Fig. 6 is a block diagram of an example of the configuration of the variable filter 
controller; 

Fig. 7 is a block diagram of another example of the configuration of the variable filter 
controller; 

Fig. 8 is a block diagram of an example of a conventional configuration of a double- 
conversion tuner apparatus; 

Fig. 9 is a diagram schematically illustrating the frequency conversion operation of the 
conventional double-conversion tuner apparatus: 

Figs. 10A to 10C are block diagrams of other examples of conventional configurations 
of a double-conversion tuner apparatus; and 
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Figs. 11A and 11B are diagrams schematically illustrating how input return loss 
characteristics vary as the cut-off frequency of the band-pass filter 10c is controlled. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0012] Hereinafter, as embodiments of the present invention, double-conversion tuner 
apparatuses for use in the tuner portion of a cable television receiver or the like will be 
described. 

[0013] First, a first embodiment of the invention will be described. Fig. 1 is a block 
diagram of the double-conversion tuner apparatus of the first embodiment of the invention. 
As shown in this figure, the double-conversion tuner apparatus of this embodiment includes a 
first band-pass filter 10 (hereinafter referred to as the first BPF 10) that restricts the band of 
an RF signal fed in via a terminal IN so as to permit passage of only desired frequency 
components, an attenuator 1 1 (hereinafter referred to as the ATT 1 1) that attenuates the output 
RF signal of the first band-pass filter 10, a high-frequency amplifier 12 (hereinafter referred to 
as the RF amplifier 12) that amplifiers the output RF signal of the attenuator 11, a first local 
oscillator 13 that generates a first local oscillation signal, a first mixer that mixes the output 
RF signal of the RF amplifier 12 with the first local oscillation signal to generate a first IF 
signal, a second band-pass filter 15 (hereinafter referred to as the second BPF 15) that restricts 
the band of the first IF signal to remove unwanted signal components therefrom, a second 
local oscillator 16 that generates a second local oscillation signal, a second mixer 17 that 
mixes the output EF signal of the second BPF 1 5 with the second local oscillation signal to 
generate a second IF signal, a third band-pass filter 18 (hereinafter referred to as the third BPF 
18) that restricts the band of the second IF signal to remove unwanted signal components 
therefrom, an intermediate-frequency amplifier 19 (hereinafter referred to as the IF amplifier 

-5- 



19) that amplifiers the output IF signal of the third BPF 18 and then feeds it to a terminal 
OUT. Moreover, between the RF amplifier 12 and the first mixer 14, there is provided a 
variable low-pass filter "a" (hereinafter referred to as the variable LPF "a") of which the cut- 
off frequency is controllable. 

[0014] Now, the frequency conversion operation of the double-conversion tuner apparatus 
configured as described above will be described with reference to Fig. 2. In the double- 
conversion tuner apparatus configured as described above, a reception signal that has passed 
through the variable LPF "a" is mixed with the first local oscillation signal (having a 
frequency flo) in the first mixer 14. Here, the cut-off frequency of the variable LPF "a" is so 
controlled as to vary with the reception channel signal, and therefore the desired signal of the 
reception channel (having a frequency fl) is permitted to pass through the variable LPF "a," 
and is then converted into the first IF signal (having a frequency flo - fl) in the first mixer 14. 
By contrast, the signal of another channel (having a frequency f2) having a higher frequency 
than the signal of the reception channel is shut off by the variable LPF "a," and thus cannot 
reach the first mixer 14. In this way, in this embodiment, it is possible to suppress the 
generation of an unwanted signal (having a frequency flo - f2) corresponding to the signal of 
that other channel and thereby reduce the leakage of unwanted signals to the terminal IN. 

[0015] In the stage preceding the variable LPF "a" is provided the RF amplifier 12, and 
this RF amplifier 12 functions also as an isolation amplifier. Therefore, reflected waves 
outside the pass band of the variable LPF "a" are shut off by the RF amplifier 12, and thus 
cannot reach the terminal IN. Accordingly, controlling the cut-off frequency of the variable 
LPF "a" does not cause variation of input return loss characteristics. 
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[0016] Next, a second embodiment of the invention will be described. Fig. 3 is a block 
diagram of the double-conversion tuner apparatus of the second embodiment of the invention. 
Here, such circuit blocks as find their counterparts in the first embodiment are identified with 
the same reference numerals and symbols as in Fig. 1, and their explanations will not be 
repeated; that is, the following description concentrates on the features characterizing this 
embodiment. 

[0017] As shown in Fig. 3, in the double-conversion tuner apparatus of this embodiment, 
between the RF amplifier 12 and the first mixer 14, there is provided, instead of the variable 
LPF "a" used in the first embodiment, a variable band-pass filter "b" (hereinafter referred to 
as the variable BPF "b") of which the cut-off frequency is controllable. 

[0018] In the double-conversion tuner apparatus configured as described above, a 
reception signal that has passed through the variable BPF "b" is mixed with the first local 
oscillation signal in the first mixer 14. Here, the cut-off frequency of the variable BPF "b" is 
so controlled as to vary with the reception channel signal, and therefore the desired signal of 
the reception channel is permitted to pass through the variable BPF "b", and is then converted 
into the first IF signal. By contrast, the signal of a channel other than the reception channel 
is shut off by the variable BPF "b", and thus cannot reach the first mixer 14. In this way, in 
this embodiment, it is also possible to suppress the generation of unwanted signals (having 
frequencies fa ± fb, 2fa ± fb, etc.) due to high-order distortion occurring among the signals of 
other channels (having frequencies fa and fb). Thus, as compared with in the first 
embodiment described earlier, it is possible to further reduce the leakage of unwanted signals 
to the terminal IN. 
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[0019] Next, a third embodiment of the invention will be described. Fig. 4 is a block 
diagram of the double-conversion tuner apparatus of the third embodiment of the invention. 
Here, such circuit blocks as find their counterparts in the second embodiment are identified 
with the same reference numerals and symbols as in Fig. 3, and their explanations will not be 
repeated; that is, the following description concentrates on the features characterizing this 
embodiment. 

[0020] As shown in Fig. 4, in the double-conversion tuner apparatus of this embodiment, 
between the RF amplifier 12 and the first mixer 14, there are provided, instead of the variable 
BPF "b" used in the second embodiment, a variable low-pass filter "cl" and a variable high- 
pass filter "c2" (hereinafter referred to as the variable LPF "cl" and the variable HPF "c2," 
respectively) of which the cut-off frequencies are controllable. This configuration, as 
compared with one including a single variable band-pass filter, makes it easy to secure a wide 
band. Thus, it is possible to prevent mismatch between the reception signal and the pass 
band of the filter without requiring the filter to have an unduly high degree of followability to 
the reception signal. 

[0021] Next, a fourth embodiment of the invention will be described. Fig. 5 is a block 
diagram of the double-conversion tuner apparatus of the fourth embodiment of the invention. 
Here, such circuit blocks as find their counterparts in the first embodiment are identified with 
the same reference numerals and symbols as in Fig. 1, and their explanations will not be 
repeated; that is, the following description concentrates on the features characterizing this 
embodiment. 

[0022] As shown in Fig. 5, in the double-conversion tuner apparatus of this embodiment, 



-8- 



between the RF amplifier 12 and the first mixer 14, there is provided, instead of the variable 
LPF "a" used in the first embodiment, a variable high-pass filter "d" (hereinafter referred to as 
the variable HPF "d") of which the cut-off frequency is controllable. With this configuration, 
it is possible to reduce the generation of unwanted signals due to high-order distortion 
occurring among the signals of other channels when a high-frequency signal is received. 
Thus, it is possible to reduce the leakage of unwanted signals to the terminal IN. 

[0023] In the first to fourth embodiments described above, the cut-off frequency of the 
variable filters "a" to "d" may be controlled by use of the phase-locked loop (PLL) circuit that 
controls the frequency of the first oscillation signal (see Fig. 6). With this configuration, it is 
possible to eliminate the need to separately provide a circuit for controlling the cut-off 
frequency of the variable filters "a" to "d." Thus, it is possible to control the cut-off 
frequency of the variable filters "a" to "d" so that it varies according to the input RF signal 
without unduly increasing the scale of the apparatus. 

[0024] Alternatively, in the first to fourth embodiments described above, the cut-off 
frequency of the variable filters "a" to "d" may be controlled by a voltage synthesizing 
method whereby one among a plurality of predetermined voltages is selected according to 
which channel is to be received (see Fig. 7). With this configuration, as opposed to one in 
which the cut-off frequency of the variable filters "a" to "d" is controlled by use of a PLL 
circuit, it is possible to separately set the voltages to be supplied to the variable filters "a" to 
"d" and to the first local oscillation circuit. This makes it easy to adjust the followability of 
the filter to the reception channel signal. 

[0025] As described hereinbefore, with a frequency conversion apparatus according to the 
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present invention, it is possible to reduce back talk and the like at low cost without inviting 
variation of input return loss characteristics. 
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